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1. Surface discharge in superfluid helium gas 
The superfluid helium would be a coolant as 
well as insulating fluid in the second phase of 
the LHD project. The purpose of this research 
is to give the reliable design criteria of the elec-
trical insulation of LHD. 
The saturated superfluid helium phase is ap-
proaching the condition of the minimum break-
down voltage of helium gas. Thus the voltage 
induced at the quenching of superconducting 
coils would cause discharges. Superconducting 
coils are designed by employing spaces between 
conductors and turns and therefore, the sur-
face discharge characteristics are very impor-
tant. This year we have investigated the GFRP 
spacer performance between the parallel metal-
lic electrodes in the saturated superfluid he-
lium gas. The new finding is the breakdown 
voltage helium gas in the relevant state being 
chiefly determined by the product(p·d) of he-
lium gas density(p) and thickness of spacer( d) 
rather independent of the diameter and thick-
ness of spacers. Furthermore, when p ·d is rela-
tively large, surface discharge along the spacer 
predominates and the breakdown voltage turns 
out lower than that of helium gas itself. When 
p·d is small, however, the surface discharge volt-
age surmounts the breakdown voltage of helium 
gas itself and the breakdown takes place prefer-
entially at the gap. These results summarized 
in Fig.l are different from the generally ac-
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cepted concept on surface discharge and there-
fore, might be an important knowhow for the 
insulation design of the superconducting mag-
nets with abundant small gap spacers. 
2. Source of initial electron in liquid helium 
The electrode area and liquid volume effects 
on the production of the initial electron in the 
breakdwon of liquid helium have been system-
atically investigated. The results show that the 
statistical time lags have strong dependence on 
the applied electric field, which is discussed in 
terms of a mechanism of supplying initial elec-
trons from micro protrusions on the cathode. 
3. Breakdown characteristics of paper/ice com-
posite in cryogenic region 
The paper /ice composite (polypropylene 
synthetic paper) are immersed in liquid nitro-
gen and subjected to the breakdown tests. The 
surprising results were obtained: 1 )the break-
down strength of paper /ice composite is signif-
icantly higher, more than 50% up than that of 
a ice free structure. 2 )self-healing behavior can 
be expected to the paper /ice composite after 
breakdown. The insulation design of this type 
may find much variety of application. 
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Fig.l. Breakdown voltage of cryogenic helium 
gas with G FRP spacer 
